W e have measured the dynamic movement of the lumbar spine in 57 patients with degenerative lumbar disc disease. Each completed a questionnaire which recorded pain and subjective signs and symptoms. From plain lateral radiographs, the subjects were graded using the criteria of Kellgren and Lawrence and those of Lane et al, which are both based on the severity of degenerative changes. Measurements of the height of the disc space and the vertebral height were obtained and expressed as a ratio.
Low back pain is common and has been recorded throughout history; 1 degenerative changes in the vertebral column have been found in some of the earliest human remains. 2 Degeneration of the intervertebral disc and the associated derangement of the intervertebral joints, particularly the zygopophyseal or facet joints, have been recognised as causing low back pain, 3 but their importance in relation to the presenting symptoms is uncertain. The presence or absence of so-called degenerative changes are usually determined from plain radiographs despite the known difficulties in both interpreting the findings and assessing their clinical relevance. 4 There are wide variations in interpretation when radiographs of the lumbar spine are evaluated by different observers, and the presence of degenerative changes does not necessarily correlate with symptoms. [5] [6] [7] [8] The study of lumbar osteoarthritis and flexibility by Weiner et al 7 suggested that degenerative changes in the lumbar spine did influence spinal movement, but they did not assess the degree or severity of these changes and their subjects did not complain of symptoms. A recent study on cadavers by An et al 9 suggested that at a segmental level, degenerative change in the intervertebral disc affected movement of the functional segmental unit which was influenced by the severity of these changes. The concept of abnormal movement as an indicator of deranged spinal mechanics is not new. 10 Since each spinal segment has its own typical range and pattern of movement determined by the shape and arrangement of the bony and articular surfaces, intervening discs and ligaments, defects in any of these structures will lead to an impairment of movement. Previous studies have shown significant differences in movement in normal subjects and in those with low back pain. [11] [12] [13] [14] [15] [16] In a recent study 11 we found that subjects with degenerative changes presented with impaired movement but we did not take the degree of wear into account.
In this study we have investigated the relationships between different grades of lumbar disc degeneration and movement, and the clinical presentation.
Patients and Methods
Study population. Between January 1994 and June 1996, we assessed 57 consecutive patients (27 men and 30 women) with clinical and radiological signs of degenerative disc disease from the Spinal Orthopaedic Clinics at Hammersmith Hospitals NHS Trust. Their mean age was 52 ± 11.3 SD years. Written informed consent was obtained. Their employment was classed as sedentary in 34%, manual in 40% and heavy labour in 26%. Of the 57, 56% were working normally, 2% were on lighter duties and 25% were either on sick leave or were unemployed as a result of their back pain; the remainder were retired. Most patients stated that their condition was deteriorating, with only 11% noting an improvement since the onset. In terms of function, 35% reported problems with the activities of daily living, while 47% were able to walk over a mile.
Back pain only was present in 42%, while the remaining 58% had back and radiating leg pain. There were signs of neurological abnormality in 26%. The average duration of symptoms was 43 months but there was great variation between individuals as can be seen from the large SD of 56 months. The mean level of pain at rest as recorded on a 10 cm visual analogue pain scale was 5.4 ± 2.6.
We excluded patients with coexisting neurological disease, previous spinal surgery or spinal trauma such as vertebral compression fractures.
The patients completed a questionnaire which recorded information such as gender, age, height, weight and details of the patterns and behaviour of the pain. A standard clinical assessment was used to determine the neurological status of the patient. Method of measurement. We measured movement of the thorax relative to the pelvis with a computerised triaxial potentiometric analysis system (CA-6000 Spinal Motion Analyser; OSI, Union City, California). This consists of a link arm incorporating six high-precision potentiometers, three of which are positioned in the sagittal plane to allow determination of anteroposterior flexion-extension, two in the frontal plane to detect lateral bending and one in the transverse plane to measure rotation. The system is attached to the patients by two harnesses positioned at the thoracolumbar and the lumbosacral junctions (Fig. 1) . The theory of this system, its precision and its accuracy have been described previously, 17, 18 as has analysis of the angle against time-output curves. 18 Measurements were performed with the patients minimally clothed and barefoot. They were asked to stand looking straight ahead with their feet 0.2 m apart. The potentiometers were set to this resting posture. A series of three unconstrained movements was then performed. The patients were asked to move at their preferred pace, to the limit of their range without pain, in each plane of movement. To ensure that they understood the procedure, they had a trial in each plane before recording. The order was the same for each person; a rotation arc, followed by a lateral flexion arc (for both these movements the patient was asked to move to the left first and then to the right) and finally a flexion-extension arc. Radiological assessment. We judged the severity of disc degeneration from plain lateral radiographs using two published grading systems, namely that of Kellgren and Lawrence 19 and of Lane et al. 20 The former was developed as a general means of assessing osteoarthritic joints. Although it has been regarded as the best available method it requires the presence of osteophytes for the radiological diagnosis of osteoarthritis, while other features of degeneration, such as narrowing of the joint space and sclerosis, which may be present without osteophytes, are not given as much consideration. Lane et al 20 developed a system which aimed to overcome some of these limitations. We have used both grading systems to determine which gave the greatest sensitivity. Tables I and II give details of each method. The height of the disc space and the vertebral height for each segment were measured according to the method of Ylikoski and Tallroth. 21 The values were expressed as a ratio for the entire lumbar spine in order to give an impression of the overall flexibility of the spine. This approach was used so that a more objective assessment of the effect of narrowing of the disc space as a result of degeneration could be achieved. Positioning of the link arm of the CA-6000 on a subject with degenerative lumbar disc disease. Definite osteophytes with some sclerosis of the anterior portion of the vertebral plates 3
Marked osteophytes and sclerosis of the vertebral plates with slight narrowing of the disc space 4
Large osteophytes, marked sclerosis of the vertebral plates and marked narrowing of the disc space Statistical analysis. We used the Stata package (Stata Corporation, College Station, Texas) on a personal computer. Forward elimination multiple regression analysis was carried out using a level of significance of p = 0.05. For each regression equation derived, the assumptions underlying multiple regression analysis were verified using data from independent observations. The residuals were noted to have constant variance and were normally distributed. Categorical data were incorporated into the multiple regression by treating them as independent variables according to the gradings of each classification. It was not thought necessary to create dummy variables. These regression models allowed determination of the significance of each grade of the radiological system. The impact of clinical signs and symptoms on movement was also assessed using multiple regression, and these included the influence of age, gender, duration of symptoms, occupation, pain ratings, pain distribution, and neurological status.
Results
Initially, the grading systems of Kellgren and Lawrence 19 and Lane et al 20 were used to investigate movement; the results are summarised in Tables III and IV . Multiple regression analysis, accounting for age and gender differences, showed no relationship between movement and the grading of degenerative disc disease, as judged by either system, in terms of both range and speed of movement (Table V) . This suggests that impairment of movement cannot be predicted from the severity of the radiological evidence of degeneration. A reduction in the ratio of disc height to vertebral body height using the measurements of Ylikoski and Tallroth, 21 was significantly associated with loss of flexion (p < 0.05) and rotation to the right (p < 0.05), but had no influence on any of the other characteristics. This reduction in the ratio of disc height and vertebral body height could only account for a small proportion of the variability seen in the data, which limits its clinical significance. Since the grading of degeneration was poorly related to measurement of movement, we performed further multiple regression analysis to investigate what factors, if any, influenced each grading system. These included the age and gender of the patient, pain as rated on the visual analogue scale, the distribution of symptoms, intake of painkillers, walking distance, degree of straight-leg raising, progression of problems and frequency of back and leg pain. This, however, represents a large number of variables and the results should be interpreted with caution. Both grading systems were associated with age (p < 0.01), walking distance (p < 0.01), distribution of symptoms (p < 0.05), the intake of painkillers (p < 0.05) and the frequency of pain 
Mild narrowing (at one level) and mild osteophytes 2
Moderate narrowing (2 to 3 levels) and/or moderate or severe osteophytes Table III . Mean (± SEM; degrees) range of movement in each grade using the system of Kellgren and Lawrence (p < 0.05) ( Table VI) . The severity of disc degeneration, when graded using the system of Lane et al, 22 was also related to the self-rated pain level (p < 0.01). This was not found with the method of Kellgren and Lawrence 19 which
suggests that the system of Lane et al 20 may be the more discriminatory of the two, since pain is a common symptom in degenerative disc disease.
Discussion
The pathophysiology of degenerative disc disease and the association with low back pain, with or without radicular symptoms, has been the subject of numerous investigations which have been inconsistent or controversial. Torgerson and Dotter 3 investigated the radiological appearance of the lumbar spine in patients with and without symptoms and found that there was no direct relationship between low back pain and radiological evidence of degeneration or osteophyte formation. Frymoyer et al 8 however, noted that if osteophytes or narrowing of the disc space was present between the fourth or fifth lumbar vertebrae there was an increased incidence of severe low back pain.
Our findings suggest that there is no linear relationship between subjective gradings of degeneration as assessed by radiographs and spinal movement, which agrees with previous reports. 3, 8, 22 Our study did identify a linear relationship between the ratio of disc height to vertebral body height and the resultant range of movement, but this only occurred in flexion and rotation, compared with the study of Weiner et al 7 which identified a correlation between disc degeneration and range of movement in forward and lateral flexion. Impairment in flexion does appear to be a consistent finding and agrees with the view that spinal movement is determined by the shape and arrangement of the bony and articular surfaces, the intervening disc and the ligaments. Whether osteoarthritis directly limits spinal movement or simply coexists with restrictive extraskeletal factors is not clear. Our study assessed the linear relationship of a range of subjective factors and radiological ratings of lumbar degeneration. Certain factors were identified as having a significant impact on ratings of degeneration including age, distribution of symptoms, the frequency of pain and the use of painkillers. Visual analogue pain ratings were related only to the grading system of Lane et al. 20 Since pain is one of the main symptoms in patients with degenerative disc disease, then if a radiological grading system is to be used, that of Lane et al 20 may be more useful clinically.
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